Identification of the hydrophobic thickness of a membrane protein using fluorescence spectroscopy: studies with the mechanosensitive channel MscL.
The hydrophobic thickness of a membrane protein is an important parameter, defining how the protein sits within the hydrocarbon core of the lipid bilayer that surrounds it in a membrane. Here we show that Trp scanning mutagenesis combined with fluorescence spectroscopy can be used to define the hydrophobic thickness of a membrane protein. The mechanosensitive channel of large conductance (MscL) contains two transmembrane alpha-helices, of which the second (TM2) is lipid-exposed. The region of TM2 that spans the hydrocarbon core of the bilayer when MscL is reconstituted into bilayers of dioleoylphosphatidylcholine runs from Leu-69 to Leu-92, giving a hydrophobic thickness of ca. 25 A. The results obtained using Trp scanning mutagenesis were confirmed using Cys residues labeled with the N-methyl-amino-7-nitroben-2-oxa-1,3-diazole [NBD] group; both fluorescence emission maxima and fluorescence lifetimes for the NBD group are sensitive to solvent dielectric constant over the range (2-40) thought to span the lipid headgroup region of a lipid bilayer. Changing phospholipid fatty acyl chain lengths from C14 and C24 results in no significant change for the fluorescence of the interfacial residues, suggesting very efficient hydrophobic matching between the protein and the surrounding lipid bilayer.